Summary
The Feeding a diet containing a low level of casein that had been interacted with oxidized ethyl linoleate under high temperature and high relative humidity resulted in an abnormal deposition of triglyceride (TG) in the liver, in comparison with fats fed the unreacted casein (1, 2) . The concentration of liver TG was not normalized by the supplementation of major amino acids, that were lost during interaction, such as lysine or lysine plus methionine. Further addition of threonine showed considerable supplementary effects on liver and plasma lipids (1) .
The cause of accumulation of liver TG in rats fed the reacted casein is deducible as follows: a) damage of specific amino acids accompanied by lipid oxidation (3), b) regression of the rate of digestion of the protein and consequently unbalance in the rate of absorption from the small intestine (2) and c) effect of bound lipids remaining in the reacted casein (2) . The present study was designed to investigate the possibility of the above assumption by using either the reacted casein diet supplemented by amino acids lost or the amino acid mixture diet. 
RESULTS
Body weight gain, food intake and liver weight ( Table 2) Expt. 1: Weight gain was depressed by feeding the reacted casein diet. Supplementation of amino acids lost to the RC diet showed a considerable alleviating effect on weight gain, but it was still to some extent lower than that of the CC group. Liver weight increased in the RC and RC+A groups.
Expt. 2: Weight gain in the RCA group appeared lower as compared with that of the CCA group, but was not statistically significant. There was no difference in liver weight between these two groups.
Liver and plasma lipids Expt. 1: In agreement with the previous observations (1), feeding the RC diet caused an increase in the concentration of liver triglyceride (TG) as shown in Fig, 1 . Supplementation of amino acids lost to the RC diet did not prevent the accumulation of TG in the liver. There were no demonstrable differences in the concentration of phospholipids (PL) and cholesterol among the three groups. In plasma, the concentration of TG, PL and cholesterol was the same in all groups (data not shown). Expt. 2: As shown in Fig. 2 , the concentration of hepatic TG, PL and cholesterol was the same between rats fed the amino acid mixture diets simulating the control or reacted casein. In contrast, the concentration of plasma TG and PL tended to increase in the RCA group (PL; 165 and 210mg/dl and TG: 170 and 231mg/dl in the CCA and RCA groups, respectively). Fatty acid composition of liver and plasma lipids Expt. 1: The fatty acid composition of hepatic TG and lecithin is shown in Table 3 .
In TG, the percentage of linoleic acid increased, whereas that of oleic acid decreased in the RC group. The amino acid supplemented group (RC+A) showed somewhat different responses from those in the RC group: palmitic acid decreased instead of oleic acid. In lecithin, the percentage of oleic and arachidonic acids decreased after feeding the reacted casein. This was balanced by an increase in palmitic acid. These changes were essentially alleviated by the supplementation of amino acids lost, although a lower percentage of arachidonic acid, and higher percentage of palmitic acid as compared with those of the control rats were still observed.
Plasma TG or lecithin had a similar fatty acid composition in the three dietary groups (data not given). Expt. 2: In TG, percentage of linoleic acid increased, whereas that of palmitic acid decreased in the RCA group. There were no demonstrable changes in the fatty acid composition of lecithin between the RCA and CCA groups (Table 4) .
In plasma total lipids, the percentage of arachidonic acid markedly decreased in the RCA group (9.3% vs 2.9%).
DISCUSSION
As to the growth depression and the increase in liver TG due to feeding the casein that had been interacted with oxidized lipids, addition of amino acids lost accompanied by lipid oxidation to the reacted casein improved weight gain considerably, whilst the increase in hepatic TG was not alleviated in this situation (Table 1) .
On the other hand, in rats fed the amino acid mixture simulating the reacted 586 T. YANAGITA and M. SUGANO Table 3 . Fatty acid composition of liver triglyceride and lecithin Expt. casein, the concentration of liver TG was the same, but growth was to some extent lower as compared with that of the controls. In the previous paper (1), we examined the effect of addition to the reacted casein of several amino acids lost during interaction with oxidized lipids. The supplementation of lysine, which was the most severely damaged amino acid, or lysine and methionine to the reacted casein did not alleviate the growth depression and the accumulation of liver TG (1). Simultaneous supplementation of lysine, methionine and threonine considerably improved weight gain, but did not decrease liver TG. It seems likely therefore, that abnormal symptoms observed in fats fed the reacted casein may not be ascribed merely to the loss of specific amino acids. It is thus difficult to interpret that the fatty infiltration caused by the reacted casein as being due to the change in the amino acid pattern alone.
Chemical and physical properties of the reacted casein differed significantly from those of the control casein (3). As speculated from the decrease in the digestibility in vivo and in vitro of the reacted casein (2), the extent of liberation of absorbable hydrolysates from the reacted casein should be markedly lower than that of the control casein. It is thus probable that the modification of this parameter in the gastrointestinal tract is at least partly responsible for TG accumulation in the liver. In fact, there was no additional accumulation of liver TG when rats were fed the amino acid mixture simulating the reacted casein. Although the extent of loss of the amino acids is not marked, our data indicate that the lipid metabolism is easily modified even under these circumstances. However, the effect of bound lipids formed during the interaction still remains to be clarified. The concentration of hepatic TG demonstrated in the control group was conspicuously higher in the amino acid mixture diet than in the protein diet (Figs. l and 2) . Although there is a possibility that the disparity in body weight of rats could cause such a difference, the data with the amino acid mixture diet support the above assumption that regression of the digestibility is at least responsible for the observed differences in the concentration of hepatic TG. In contrast, since the growth depression, though not significant, of rats fed the amino acid mixture simulating the reacted casein was observed in the pair-feeding trial in this experiment, an alternate explanation awaits further work.
Changes in the fatty acid compositions of liver TG and lecithin in rats fed the amino acid mixture simulating the reacted casein were essentially similar to those observed in rats fed the reacted casein (Tables 3 and 4 ). This observation is of interest since the accumulation of hepatic TG was not demonstrated in the former group. Although the mechanism leading to these inconsistencies is not apparent at the moment, these data suggest a complexity of the response to feeding the reacted casein.
In connection with those observations, we have previously reported (9, 10) the decrease in hepatic TG in rats fed lower dietary levels of egg albumin which was treated similarly to the reacted casein used in the present study. Supplementation of and M. SUGANO amino acids lost to the reacted albumin almost completely prevented the decrease in hepatic TG. It is, therefore, plausible that the metabolic effects of the reacted proteins from different origins differ markedly.
